Purpose -The purpose of this paper is to compute the amount of methane generated from the waste of livestock from 1980 to 2008; then use the information in forecasting subsequent methane emissions by the sector in Malaysia from 2009 to 2020. Design/methodology/approach -The research study employed two approaches; computing methane emissions from 1980 to 2008 using the IPCC guidelines, and forecasting methane emissions for the animals from 2009 to 2020 using the autoregressive integrated moving average (ARIMA) model from the predictive analysis software (PASW-SPSS 18.0). Findings -Methane emissions from cattle, buffaloes and pigs accounted for over 95 per cent of total emissions and emissions from cattle are predicted to increase from 67.0 Gg in 2009 to 77.0 Gg by 2020. Emissions from the others will not be appreciable although poultry emissions will rise to 11.0 Gg by 2020. Attempt by the Malaysian Government to increase cattle production is not necessary at the moment as protein requirement has been met. Research limitations/implications -ARIMA model suffers from linear and data limitation: the future value of a variable assumed to be a linear function of several past observations in ARIMA is sometimes unrealistic. Large amounts of historical data are needed in ARIMA models in order to get desired results. The inventory of the animals was taken from 1980 to 2008.This needs to be improved upon by updating it to cover up to 2011 so that the forecast will start from 2012. Practical implications -The chosen ARIMA method has demonstrated its correctness in being adequate as a predicting tool for animal methane emissions. Policy makers can apply it so as to take practical steps to avoid these emissions. Originality/value -This is a novice idea as animal methane emission forecasting tool. This model will be of immense use and help in predicting methane emissions from livestock.
Introduction
The world is experiencing an unprecedented rise in surface temperature due to the human-induced increased rate of emissions of greenhouse gases into the atmosphere (Hansen et al., 2006; Kaufmann and Stock, 2006; Roshan et al., 2010) . The effect of this global warming on thermal comfort conditions has been studied (Roshan et al., 2010) . Six gases identified greenhouse gases are water vapour (36-70 per cent), carbon dioxide (9-26 per cent), methane (4-9 per cent), and nitrous oxide (3-7 per cent), HFC and SF 6 (Russel, 2007) with carbon dioxide and methane being touted as chiefly responsible for the rise (Hansen et al., 2006; Xiaoli et al., 2010) . Methane is second to carbon dioxide in contribution to global warming and has a global warming potential of 21-25 (IPCC, 2006; Talyan et al., 2007; Forster et al., 2007) . For the past 300 years atmospheric methane has increased by about 150 per cent (Iqbal et al., 2008) and its atmospheric concentration has nearly tripled since pre-industrial times (IPCC, 2001) .
The devastating effects of uncontrolled release of hydrocarbons in gaseous forms on ozone depletion and global warming have warranted investigation into animal waste production systems Vellinga and Hovin, 2011) . A significant source of atmospheric methane is from animal husbandry (Petersen and Ambus, 2006; Sathiendrakumar, 2003) . The emission of methane by livestock is part of their natural digestive processes and is produced in the rumen of livestock due to the methanogens found in the reticulo-rumen and large intestine of the livestock (Alemu et al., 2011; Ominski and Wittenberg, 2004; Takahashi, 2011) . The gastrointestinal of all animals generate some extensive microbial activities that lead to the production of combustible gases, especially in ruminants (Martin et al., 2010; Takahashi, 2011) .
Enteric fermentation by ruminants contributes about 15-18 per cent of global methane emissions (Iqbal et al., 2008; Naqvi and Sejian, 2011; Takahashi, 2011) . (Moss et al., 2000) gave methane emission breakdown from enteric fermentation as 12 per cent of global, 19 per cent of anthropogenic and 36 per cent of agricultural while (Aluwong et al., 2011) attributed global anthropogenic methane emission from enteric fermentation and manure management as 35-40 per cent of total emission.
Time series
A time series is a sequence of observations that are arranged in accordance with the time of their outcome (Falk, 2011) . Conventional time series models for forecasting have been applied over time and in different forms. Time series forecasting is one of the most important quantitative models in which historical observations of the same variable are collected and analyzed to develop a model that captures the underlying data generating process with the model being used to predict the future (Khashei and Bijari, 2012) .
The emission of carbon monoxide over time was predicted using a new structure in neural networks (Abbaspour et al., 2005) while a time series on daily air pollution was carried out (Modarres and Dehkordi, 2005) . Fuzzy predictive control algorithm was applied to an industrial CSTR process (Lu et al., 2009) while Fuzzy-based Adaptive Genetic Algorithm was used in immune theory to improve the performance of selection preparation (Yang and Yan, 2011) . Neuro-fuzzy systems have been used to predict and identify traffic hot spots (Hosseinlou and Sohrabi, 2009) . Quantitative algebra and graph theory methods were used for dynamic trend analysis of continuous systems (Zhang et al., 2011) and general algebraic modelling plus hybrid support vector regression were used to predict pressure drop of slurry flow in a pipeline (Lahiri and Ghanta, 2008) . Song et al. (2007) used neural network in non-linear predictive control while Wang et al. (2008) also used numerical prediction of cracking reaction of particle clusters in fluid catalytic cracking riser reactors. Flood occurrence was forecasted using GIS (Solaimani et al., 2005) while back propagation neural network and support machine methods were used to forecast water level and ice jam thickness (Wang et al., 2010) . Hydrogeochemical analysis was used to monitor chemical fertilizer in sandy soils (Islami et al., 2011) .
This modelling approach is particularly useful when little knowledge is available on the underlying data generating process (Box et al., 2008) . There are several different approaches to time series forecasting, which are generally categorized into two: traditional 586 MEQ 25,5 statistical models including moving average, exponential smoothing, and autoregressive integrated moving average (ARIMA) which are linear in that predictions of the future values are constrained to be linear functions of past observations, and non-linear models (Khashei and Bijari, 2011) .
In the forecasting equations are lags of the differenced series called the "auto-regressive" terms, the "moving average" terms are lags of the forecast errors, plus a time series that has to be differenced to be made stationary and are said to be the "integrated" version of a stationary series. The model has the advantage of accurate forecasting over short periods, and in addition also has the limitation or requiring at least 50 and preferably 100 observations (Box et al., 2008) . This model applies the concept of measurement error in dealing with the deviations between estimators and observations, while the data used are precise values and do not include measurement errors (Tanaka, 1987) . The model has the disadvantage of the prediction interval being very wide for extreme values (Tseng and Tzeng, 2002) and of variable accuracy owing to its linear representation of non-linear systems (Goyal et al., 2006) . Generally, ARIMA model is able to capture linear pattern of time series, has greater versatility and better seasonal patterns but requires historical data continuity (Zhang, 2003) .
Livestock practices in Malaysia
The Malaysian government has initiated strategies that will make agriculture the third machine of economic growth. This effort was highlighted in the tenth Malaysian Plan. To achieve this objective, various forms of support and schemes that will encourage investments have been provided through the setting up of some financial institutions specifically entrusted with the provision of capital facilities for interested investors and formulation of legislations. Under the National Meat Policy (ruminant sector), Malaysia aims to increase cows and buffaloes from the present 1.0 to 1.6 million and goats from the present 9 to 35 per cent by 2015 and will increase Malaysia's self-sufficiency in meat products from 25 to 40 per cent (Latif and Mamat, 2002; MAHA, 2008) . It has also been reported (Boo, 2010 ) that a unit in the Federal Land Development Authority is going into a joint venture to invest RM688 million on livestock projects in its palm oil estates at Kuala Lumpur, Penang, Johor and Sabah.
The government has also established the National Boer Breeding Centre for the development of the goats in the form of production of quality boer breeders. The aim is to produce 6,000 and 1,200 heads of female and male breeders yearly, respectively (MAHA, 2008) . There is a proposal to use about two million hectare of oil palm plantation for cattle rearing to optimize land use and increase breeding stock (MAHA, 2008) .
Methodology
Two approaches were employed in the study. The first one was to compute methane emissions from 1980 to 2008 using the IPCC's (2006) guidelines. The second approach was to forecast methane emissions for the animals from 2009 to 2020 using the ARIMA model in SPSS (v18.0).
Study area/data availability
Historical livestock population data were obtained from the Department of Statistics and Department of Veterinary Services of the Ministry of Agriculture and Agro-based Industries. The estimation of methane emissions was carried out for enteric fermentation and manure management which were then used to get total emissions from each animal category. Methane emissions were separately calculated for sub-categories of cattle,
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Methane emissions from livestock in Malaysia buffalo, sheep, goats, horses, pigs and poultry. Some default values for emission from enteric fermentation and manure management are summarized in Table I ( IPCC, 2006) . Estimation of methane emissions from livestock was based on the multiplication of the heads of the livestock by emission factors. This estimation is carried out at the Tier 1 and Tier 2 levels. The Tier 1 method uses default emission factors and is suitable for most animal species in countries like Malaysia where enhanced characterization data are not available. The Tier 1 method can be applied for the livestock except cattle where Tier 2 is recommended (IPCC, 2006) .
Methane emission from enteric fermentation is expressed as (IPCC, 2006) :
where methane emission is in Gg/year, EF (T ) is the emission factor for the defined livestock population (kg/head/year), N (T ) is number of head of livestock species T in country and T is species of livestock. For cattle, Tier 2 is recommended for enteric fermentation the emission factor (IPCC, 2006) :
where EF is the emission factor (kg/head/year), GE is gross energy intake (MJ/head/day), Y m is methane conversion factor, percent of gross energy in feed converted to methane ¼ 6.571.0 per cent for cattle and 55.65 is energy content of methane (MJ/kg CH 4 ). Methane estimation from manure management is given by:
where CH 4Manure ¼ methane emissions from manure management (Gg CH 4 /year). The total methane emission is the sum of the emission from enteric fermentation and manure management for each category of livestock. q is the number of lagged forecast errors in the prediction equation.
In these cases the ARIMA model can be viewed as a "cascade" of two models as shown by Equations (4) and (5). The first is non-stationary:
while the second is wide-sense stationary:
where Y t is the actual value at time period t, L i is lag operator, f is parameter of the autoregressive part and y is parameter of the moving average part.
The ARIMA algorithm is presented as follows (Tseng and Tzeng, 2002; Wang et al., 2011): (1) Data preparation: the first step in developing a Box-Jenkins model is to determine if the series is stationary and if there is any significant seasonality that needs to be modelled. The autocorrelation functions (ACF) are used to define the distribution of sample data.
(2) Differencing to achieve stationary.
(3) Identification: identifying the phase of the series by using ACF and partial autocorrelation function (PACF). In this step data transformation is often needed to make the time series stationary, a necessary condition in building an ARIMA model that is useful for forecasting.
(4) Estimation: the conditional likelihood and exact likelihood are used to estimate the parameters. The parameters are estimated such that an overall measure of errors is minimized. This can be done with a non-linear optimization procedure.
(5) Diagnostic check: the process of diagnostic check involves testing the assumptions of the model to identify any areas where the model is inadequate. The statistical identification process includes: whether the parameters achieve statistical significance or multicollinearity and whether the residual term is white noise or not. If the model is found to be inadequate, it is necessary to remedy and repeat Step (4) until a better model is identified. Diagnostic information may help suggest alternative model(s).
One advantage of the ARIMA model is its statistical properties and the well-known Box-Jenkins methodology in the model building process (Box et al., 2008) . Furthermore,
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Methane emissions from livestock in Malaysia ARIMA models can implement various exponential smoothing models. However, ARIMA models advantages of accurate forecasting are over a short period of time and they have the following two basic limitations (Khashei et al., 2009): (1) Linear limitation: the future value of a variable is assumed to be a linear function of several past observations and random errors in ARIMA models. This linear limitation makes the approximation of ARIMA models to be totally inappropriate for a non-linear underlying mechanism. Because real world systems are often non-linear (Zhang et al., 1998) , it is unreasonable to assume that a particular realization of a given time series is generated by a linear process.
(2) Data limitation: large amounts of historical data are needed in ARIMA models in order to get desired results. According to data limitation, ARIMA models require at least 50, or preferably 100 and higher, data in order to yield desired results (Box et al., 2008) . Uncertainties that result from the integral environment and rapid development of new technologies have necessitated the forecasting of future occurrences using small data sets over a short span of time.
In an ARIMA model, the future value of a variable is assumed to be a linear function of several past observations and random errors. That is, the underlying process that generate the time series has the form of:
where y t and e t are the actual value and random error at time period t, respectively: f i (i ¼ 1, 2, y, p) and y j ( j ¼ 0, 1, 2, y, q ) are autoregressive and moving average parameters, respectively. p and q are integers and often referred to as orders of the model. Random errors, e t , are assumed to be independently and identically distributed with a mean of zero and a constant variance of s 2 . The equation entails several important special cases of the ARIMA family of models. If q ¼ 0, then (1) becomes an AR model of order p. When p ¼ 0, the model reduces to an MA model of order q. One central task of the ARIMA model building is to determine the appropriate model order ( p, q).
Data analysis
Data were analysed using predictive analysis software (PASW-SPSS version 18) on a system with Windows Vista with hard disk configuration of 4GB. For forecasting purpose, the initial set of data from 1980 to 2008 was taken for model validation while forecast was made for 2009-2020.
Results and discussion
The results of the ARIMA analysis are presented in Tables II-IV. Table II shows the model description and the best model type for each animal. The fitted values of methane emission were very close to the inventory values obtained by calculation showing that the models were correctly specified within the upper confidence levels and lower confidence levels. The expert modeller of the software selected those predictions with statistically significant relationships with the dependent series. The results showed that ARIMA (0,1,0) is the best forecast model for cattle, buffaloes and poultry. The best model for pigs, goats and horses was the simple model because these series have no trends or seasonalities while the brown model was the best for sheep since it has level smoothing parameters and trends that are assumed to be equal.
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MEQ 25,5 Table III showed the model statistics and all the animals have significant R 2 values between 0.869 and 0.993. The root mean square error (RMSE) as well as the standard errors (SE) all revealed very good results. On testing for significance using the Ljung-Box statistics, applied to the residual of the fitted ARIMA model, was found to be highly significant as the whole series have no outliers. The mean absolute percentage error (MAPE) showed very minimal variation between the computed and predicted series as the errors were all less than 10 per cent. Table IV showed the ARIMA model parameters. Cattle, pigs and sheep displayed natural log transformations while the remaining animals showed no transformation.
The observed and fitted values of methane emissions from the animals between 1980 and 2008 are shown in Figure 1 . Table V showed the methane emissions projections and forecast (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) . While the projection was non-linear, the forecast was made in linear form. 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Date Number Cattle-Model_1
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Poultry-Model_7 (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) (2019) (2020) Government starts the implementation of her National Meat Policy which aims to increase cattle and buffalo population from the current 1.0 to 1.6 million by 2015. This expected increase could be offset if the correct methane emission mitigation steps are taken. These steps include dietary modification and supplementation, selection of high-quality grasses, increased grain level in the feed, increased food conversion efficiency and animal productivity. Methane emissions from buffaloes have been declining since 1980 when the emission was 17.1 Gg up to 2008 when it was 7.8 Gg and is expected to further decline to 4.5 Gg by 2020. The implementation of the National Meat Policy which aims to increase cattle and buffalo population might lead to increase in the stock level of buffaloes which will result in increased methane emissions.
The emission of methane from pigs is not following a particular trend but a marginal increase is projected from 14.9 Gg in 2009 to 15.4 Gg by 2020. The emission was 14.7 Gg in 1980 and this rose steadily to a peak of 25.6 Gg in 1994. Emissions started to decline thereafter to 1.9 by 2008. This trend is understandable as Malaysia is predominantly Muslim a country. It is only the Chinese population that are into pig rearing and breeding in Malaysia and they make up about 15 per cent of the population. Methane emissions from cattle, buffaloes and pigs make up over 95 per cent of all methane emissions from the livestock sector. Emissions from sheep initially rose from 0.3 Gg in 1980 to 1.4 Gg in 1992 and have been on the decline since. This is caused by the decline in the number of sheep being reared. The emission is projected to increase marginally from 0.7 Gg in 2009 to 0.9 Gg by 2020. The methane emission series for goats exhibits numerous peaks that are not equally spaced which indicated the absence of a periodic component to the time series. These emissions from goats displays an unstable pattern and is projected to further decline from 1.5 Gg in 2009 to 1.4 Gg by 2020.
Emissions from horses have been almost constant at 0.14 Gg in the last five year and are projected to remain so till 2020 as there is no expected increase in the number of horses. There has been substantial increase in the number of poultry birds from about 51 million in 1980 to 190 million by 2008. This has led to an increase in methane emission from 2.2 Gg in 1980 to 8.2 Gg in 2008 and is projected to rise to about 10 Gg by 2020. As a net poultry exporter, the poultry industry is gaining momentum in Malaysia and the upward emission trend is likely to continue for a number of years. Table V shows the values obtained in the forecast period of 2009-2020.
The protein requirement for Malaysia is averagely 79 g/person/day or 29 kg/p/year. This implies that the current levels of livestock in the country are enough to meet the protein need of the country up to the year 2020 and beyond. The plan by the government to increase the production of cattle and buffaloes to 1.5 million is therefore not necessary as it will only succeed in increasing the emission of methane which, unfortunately, cannot be captured. The government should therefore focus attention on the production of sheep and goats whose methane emissions are quite insignificant. Poultry production could also be intensified.
Various mitigation methods have been proposed for the livestock industry. These are dietary supplementation, selection of high-quality grasses, increase grain level, increasing feed conversion efficiency and increasing animal productivity (Yusuf, 2013) . Methane emissions mitigation from manure management can be done through aerobic manure composting and capture of biogas in line with the country's Second National Communication (NC2) to the United Nations Framework Convention on Climate Change.
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Conclusion
The emissions of methane from animal sources have been predicted using the ARIMA model in SPSS (v18). The bulk of the emissions are expected to come from cattle and pigs with the emissions from poultry activities closely following these two. The values predicted by the ARIMA model are in close agreement to the calculated value indicating the correct specification of the model. While emission increases are expected for cattle, sheep and poultry, those from buffaloes, goats and pigs are expected to decrease with emissions from horse remaining constant. This is in addition to the aggressive nature of government intervention in the agricultural sector with special emphasis on expansion of cattle and goat population. To stem this expected increase in methane emission requires the formulation and adaptation of appropriate mitigation measures. The aim of the government to make agriculture the third machine of economic growth, as enshrined in the Ninth Development Plan, points to a massive increase in livestock population and an increasing threat to the environment due to the potential increase in methane emission. This calls for further investigation of the factors affecting enteric fermentation and manure management. The government should jettison the idea of increasing cattle and buffaloes production as the country's protein requirement has been adequately met with the present stock.
